[P late 13]
The effects of abnormal temperatures on the meiotic divisions in various plants have been investigated by Sax (1937) , Straub (1938) , Matsuura (1937) and others. The effects which they have described arise in two ways:
(1) by prevention of the pachytene pairing and subsequent chiasma for mation in the chromosomes, and (2) by inhibition of the action of the spindle. In the first case we have a development very similar to that described in numerous hybrids, which can be adequately understood in terms of the irregular behaviour of univalents. They may, for instance, give rise to restitution nuclei at the end of the first division, and divide equationally at the second to give diploid pollen grains (Sax on Rhoeo 1936, and Tradescantia 1937) . The suppression of the spindle gives rise to similar effects in the pollen grains. Separation of the bivalents and wall formation are affected so th at diploid and tetraploid grains are formed as well as many unbalanced types.
The present paper gives an account of a new type of derangement pro duced by high temperatures. In addition to the upset of developmental processes external to the chromosomes, as in the above cases, the internal development of the chromosomes is affected, so th at a nucleus at early diplotene changes directly into a pollen-grain resting nucleus.
M a t e r ia l a n d m e t h o d s
Potted plants of Fritillaria Meleagris were placed in incubators for various times. A range of temperature from 30-40° C was used, and the time of treatm ent varied from 5 hr. to two days. Fixations were made immediately after treatm ent and at various times following, to obtain a good series of stages up to the first pollen-grain mitosis. 2BE-Gentian violet, acetocarmine and Feulgen smears were used. The Feulgen technique [ 170 ] is particularly useful when dealing with small amounts of material; the acid hydrolysis softens the cell-walls so that the cells stick to the slide better. For help in making some of the preparations I am indebted to Mr La Cour. Details of the methods used will be found in La Cour's paper of 1937. 3. N ormal ch rom osom e b e h a v io u r in F ritillaria M eleagris
The chromosomes of Fritillaria Meleagris have been described by Newton and Darlington (1930) . The haploid number is twelve, the com plement consisting of ten chromosomes with a subterminal centromere, and two with an approximately median centromere, one arm being slightly longer than the other in both chromosomes. There is a well-defined nucleolar constriction in the long arm of one of the subterminal chromosomes.
At meiosis twelve bivalents are formed, held together by one to five chiasmata, which are strongly proximally localized. Chiasmata very rarely form in the distal regions of the long arms (figure 5, plate 13). The chromatids are jointly coiled in pairs with both major and minor spirals.
T h e e f f e c t o f h e a t on t h e m e io t ic d iv is io n s
The plants were treated just after pachytene in the anthers. Short period treatments, for instance [5] [6] hr. at 30° C or 10 hr. at 38° C during early diplotene have little if any effect on the succeeding meiotic divisions. Tetrad formation is perfectly normal. If, however, the high temperatures are continued through the period of development of the meiotic spindles, numerous abnormalities appear. The following description applies to plants heated for two days at 30° C, the period of treatm ent covering late pachytene to tetrad formation.
It is important to realize that the type of development may be different in the anthersof the same flower. For instance, in one flower meiosis was sup pressed in two anthers whilst in the others the pollen mother cells either managed to get through the first division and formed binucleate pollen grains or formed numerous micronuclei and gradually degenerated. In the untreated flower the anthers may not all be at the same stage of development-a fact which explains the variability after heat treatment, for as we shall see, the effectiveness of the treatm ent depends on the developmental stage at which the treatm ent is begun.
Fixations immediately after the treatm ent show some cells at first metaphase with usually twelve bivalents. There are occasional cells with univalents, but the proportion of unpaired chromosomes is not very much higher than in untreated plants. In thirty pollen mother cells of the heated plant five pairs of univalents were counted, whilst in thirty from an un treated control plant one pair was observed. Further, the heat treatment has no effect on the distribution of the chiasmata within the bivalents. The proximal localization is still maintained. Heating after the pachytene stage has therefore very little or no effect on chiasma formation. Pairing and chiasma formation are complete after pachytene.
Usually, if the cells come to first metaphase, the anaphase follows per fectly normally. But in others, although some of the bivalents separate, others fail to do so or are delayed. There are two reasons for this. First, bivalent orientation is not so regular in the heated plants. At full meta phase, one or two bivalents with normal chiasma configurations may still be lying off the spindle and only orientate after the others have separated. In the second case, although orientation is perfectly normal, the chromatids in certain of the chromosomes fail to unravel at anaphase (see figure 6, plate 13). The situation is like th at found by Klingstedt (1939) in grass hopper hybrids. The time correlation between the various processes respon sible for the anaphase separation has been upset. The centromere-spindle mechanism appears to have started operating before the complete lapse of chromatid attraction, resulting in stretching and in extreme cases probably breaking the chromosomes. The lagging chromosomes may become incorporated in the telophase nuclei but usually form micronuclei.
In other cells the whole anaphase may fail and the chromosomes may round off to form several micronuclei of a very solid texture. These cells, it appears, gradually degenerate and die. They never form a wall after the heating is discontinued. A similar case was described by Darlington and Thomas (1937) in a hybrid grass. An organized nucleus is apparently necessary for wall-formation to occur.
In the more normal cells with a typical first anaphase, the second division may be completely suppressed. Usually the wall between the two nuclei fails to form. If the plants are returned to normal temperature, these binucleate pollen mother cells lay down a typical pollen-grain wall, the two nuclei lying free in the cytoplasm of a single cell. The photo (figure 8, plate 13) was made after two days at room temperature. Such cells will contain two diploid nuclei, but their further development has not been followed.
Rarely, the interphase pollen mother cell divides again. The two sets of chromosomes may then orientate on one spindle. We have, in effect, the formation of a restitution nucleus. This may be followed by a normal anaphase. If the cell wall forms, this type of development will give diploid grains with normal chromosomes. If the wall formation is again sup pressed, a tetraploid grain with normal chromosomes will be formed.
The most extreme alteration in normal events gives a single uninucleate grain as final product. The diplotene nucleus changes directly into a typical pollen-grain resting nucleus (see figure 9 , plate 13). The meiotic spiralization cycles and nuclear divisions have been completely suppressed. The photo graphs are from preparations made two days after the plants were returned to normal temperatures. Pollen-grain wall formation is perfectly normal. The cells become vacuolated, so that the nucleus is often pushed out of the centre to one side, as in the development of normal pollen grains. Some times thin transverse septa develop which may cut off small lens-shaped cells or simply project as a ledge into the cavity of the pollen grain. Thus cell division can occur without nuclear division. Katayama (1935) made similar observations in the pollen mother cells of Triticum haploids, where small enucleate cells are sometimes cut off following the formation of a restitution nucleus. Presumably a spindle is formed between the nucleus and the surface of the cell and is responsible for laying down the transverse walls.
5. T h e p o l l e n -g r a in d iv is io n There are thus three main types of abnormal development possible, the effects of which will be visible in the pollen grain:
(1) Anaphases incomplete and followed by formation of a restitution nucleus-diploid or tetraploid pollen grain with normal chromosomes.
(2) First anaphase normal, second division suppressed-diploid nucleus.
(3) Both meiotic divisions suppressed-tetraploid nucleus. The formation of a restitution nucleus is of common occurrence after failure of pairing of chromosomes at meiosis. This failure of pairing may be consequent on hybridity (e.g. Karpechenko on etc.) or be induced by external conditions such as temperature variation (Sax 1937, on Tradescantia, Barber, unpub., on Uvularia). That restitution can occur after normal bivalent formation has not previously been observed. As we have seen above, this sequence of events gives diploid or tetraploid pollen grains according as a single or a double restitution has taken place. The chromosomes are normal. Occasionally unbalanced types of grain can arise in this way, as chromosomes are sometimes lost through forming micronuclei during the restitutions. For example, one grain showed only forty-six chromosomes (i.e. 4a; -2).
The formation of restitution nuclei is uncommon and such cells occur scattered singly in anthers in which one or both meiotic divisions have been suppressed. For instance, in an anther in which over 90 % of the pollen grains were uninucleate and derived by suppression of both meiotic divi sions, four cells were obtained with approximately the tetraploid number of normal chromosomes. A small proportion of the cells also degenerated after forming micronuclei. The formation of a restitution nucleus after complete pairing depends on a delicate adjustment of external conditions. The complete suppression of a meiotic division gives, of course, the same end result as the formation of a restitution nucleus, i.e. a diploid or tetraploid pollen grain, according as one or both divisions are sup pressed. The pollen-grain chromatid divisions take place normally in the resting stage. The centromere, however, requires special conditions for its division. In the normal cell it divides only under the action of the spindle forces. The development of this type of cell will thus be different from that derived from restitution nuclei.
T h e s t r u c t u r e o f d ip l o b iv a l e n t s
Pollen-grain metaphases of cells in which both meiotic divisions were com pletely suppressed are shown in figures 10, 11, plate 13. They look strikingly like first meiotic divisions with twelve bivalents, except for the greater size of the cell. Each of the bivalents, however, consists of eight chro matids instead of the four of a meiotic bivalent. They are bivalents made up of two diplochromosomes (White 1935). I shall refer to them as "diplo bivalents". Each chromatid has the mitotic type of spiralization without the major spirals, since one of the diplobivalents often shows the nucleolar constriction (figure 1 a)which is, of course, not visible at ine cells without the major spiral (Darlington 1936) . The chromatids are not jointly coiled. The bivalents are still held together by " chiasmata" at each of which two pairs of chromatids cross over. They are double or "diplochiasmata " , and are proximally localized, just as in normal bivalents. The diplobivalents have, therefore, a structure exactly like meiotic bi valents except th at two chromatids replace one and the chromatids are not coiled into a joint major spiral. Examples of the diplobivalents are drawn in figure 1. a and b are from an early metaphase cell in which the chromatid structure is not so distinct as in the others, which are from late metaphase-early anaphase cells. In figure lc the St Andrew's cross of the original chiasma has opened out to form a St George's cross. Such untwisting is of common occurrence in normal bivalents with a single chiasma.
The frequency of diplochiasmata is probably about the same as the chiasma frequency at the first division of meiosis. A complete analysis in terms of diplochiasmata is difficult, but out of twenty-four cells only one pair of double univalents (M chromosomes) was observed (see table 1 ). At late metaphase there is often a loosening of diplochiasmata in the short arms, so th at most of them appear unpaired. The complete retention of chiasmata in the same position through a resting stage of about a week (the pollen-grain divisions took place six to seven days after the treatment) shows in a very striking way that there is no movement of the chromosomes relative to one another during a mitotic resting stage, so long at least as the nucleus remains the same size.
At full metaphase very little relational coiling remains in the chromatids. Usually the four are arranged symmetrically in the distal parts, each chromatid forming the corner of a square in cross-section. There is no strict attraction in pairs.
Observations during prophase in diplobivalent nuclei are usually difficult. In a well-fixed nucleus each strand can be seen to be quadruple. Figure 2 represents a complete prophase diplobivalent which by an accident of smearing was pressed free from the others in the cell. At one of the diplochiasmata the pairs of chromatids which cross over are easily visible. The centromere is probably in the end loop, where the four chromatids in each half-bivalent come together. Thus each half-bivalent has the structure of a diplochromosome (White 1935). The centromere is still single at early metaphase (see figure 1 a and b, and plate 13, figure 10) as is shown by the fact th at the four chromatids of each half-bivalent come together at this point. Each orientates separ ately on the spindle, so th at usually the centromere loop is transverse to the spindle and not along it as at meiosis. Thus co-orientation of two centromeres at meiosis must depend on the internal structure of the centromere, not on the presence of chiasmata.
Sometimes the centromeres of a diplobivalent fail to come into the same plane and remain one above the other in polar view. They are evidently not co-orientated, for the proximal portions of the chromosomes are seen not to be under tension. Mechanical difficulties probably prevent the separate orientation of the two centromeres in the same plane.
Another peculiarity in orientation of the diplobivalents is the formation of a " hollow spindle" (see figure 11 , plate 13). The bivalents lie round the periphery of the spindle in a few of the cells. At both meiosis and mitosis the chromosomes of Fritillaria Meleagris are spaced evenly on the plate. Darlington (1936) has described some hollow spindles in the pollen grains of a triploid Fritillaria (F. pudica) and explained t of a timing irregularity, as the formation of the hollow spindle is correlated with differences in spiralization. Here this is not the case; the large size of the cell and also the fact th at each diplobivalent has two separately orientated centromeres and therefore will experience a greater polar repulsion may be responsible for the formation of a hollow spindle.
At late metaphase or early anaphase the chromatid structure of the diplobivalents becomes clearer and the centromeres divide. The diplobivalents of figure 1 c, d , e, are from such cells. This division takes place F ig u r e 3. M id-anaphase cell. The diplobivalents have broken up into their separate chrom atids. There are fifty a t th e lower pole and forty-six a t the upper, x 1200.
in such a way as to separate pairs of sister chromatids, so th at the two chromatids attached to one centromere are both either cross-over or non cross-over. The direction of division of the centromere is already laid down while it is still functionally a unit. Later each of these centromeres divides again to separate the sister chromatids. Thus at late anaphase the diplochromosome structure is completely lost, except th at the four similar chromatids from one diplobivalent remain in the same region of the spindle. In figure 3 groups of four M chromatids can easily be picked out.
The anaphase itself takes place in two different ways. Usually the anaphase movement only starts after the second centromere division so 12-2 that the chromatid products of the pollen-grain resting stage pass to opposite poles. This type of separation is illustrated in the upper half bivalent in the diagram (figure 4). Sometimes, however, the anaphase movement starts immediately after the first centromere division so that the products of the pachytene chromatid division pass to opposite poles. This type is illustrated in the lower diplochromosome in figure 4 . The centromeres break up later on, the sister chromatids remaining parallel and close together. Several such pairs can be seen in figure 3. This complex behaviour does not always lead to a regular separation of the chromosomes. In figure 3 there are fifty chromatids at one pole and only forty-six at the other. The separation is indeed remarkably accurate in view of the cumbrous diplobivalent structure. Probably the slight irregularity in separation is caused by a delay in one of the centromere divisions. That the divisions are not always synchronous is suggested by figure 1 e, where one of the daughter centromeres has already divided whilst the other three in the bivalent are still single. If the anaphase movement starts before the second centromere division is complete, an unequal separation would result.
PMC
The division in the diplobivalent nuclei is thus essentially a mitotic division. It does not lead to a reduction in chromosome number. But it has one of the features of a meiotic division. The daughter nuclei will show the effects of genetic segregation following chiasma formation. The formation of diplobivalents simply delays the segregation to the pollengrain division.
T h e o r ig in a n d b e h a v io u r of d ipl o c h r o m o so m e s
We have seen in the last section th at the diplobivalents consist of two diplochromosomes held together by the retention of chiasmata. They are produced by the meiotic prophase nucleus relapsing into another resting stage in which a further chromatid division occurs. They are unstable and break up at anaphase to give tetraploid cells with normal chromosomes (monochromosomes in W hite's terminology). Their origin shows once more that the conditions necessary for centromere division are different from those under which the rest of the chromatid divides. The occurrence of diplochromosomes in mitotic divisions has been reported by several authors (see table 2). They were first observed by White (1935) in grasshoppers. He did not observe their behaviour at anaphase. Recently Levan (1939) has described their behaviour at mitosis in Allium. It is essentially the same as that described in the present paper. They break up at anaphase, to give at the next division tetraploid cells with normal chromosomes. figure 7 , that " some of the chromosomes are so closely associated in pairs th at they appear as chromatids" . Erwin has recently (1939) found similar configurations in Cucumis. Similar cells also occur in tumours (Winge) and are probably to be interpreted in the same way. In all cases tetraploid cells occur with normal unassociated chromosomes. They presumably arise by the break-up of the diplochromosomes at anaphase.
T a b l e 2. P r e s u m e d o b s e r v a t io n s o f d ipl o c h r o m o so
The diplochromosomes in Culex and Antirrhinum are more complex. More than four chromatids can be associated at one centromere. Chromo somes with eight, sixteen, etc., chromatids may be formed (see Berger's figures 9 d and 11 f ). They are poly chromosomes. The behaviour at anaphase of the polychromosomes has not been described completely, but they occur together with cells containing the 8-ploid or 16-ploid number of mono chromosomes. We must therefore assume th at they break up into their separate chromatids at anaphase. This is probably the origin of the cells figured by Berger (1938a, figures 17, 18, 19 , plate 1).
The conditions responsible for the formation of diplochromosomes are very diverse. They may be produced by the direct action of X-rays or by high temperatures. They are apparently a normal part of the developmental cycle in certain tissues as in Culex at metamorphosis, or in the older parts of roots. Their occurrence may also be genetically determined by a single recessive gene (
A n t i r r h i n u m)
. As is so often the case in biological systems, very different external or internal agents may bring about the same effect. This is not to say that, in biological terms, the immediate causation is so varied.
The theories propounded to explain the origin of the diplochromosomes are of two main types:
(1) Hypotheses which postulate an active pairing of previously separated chromosomes. Stein (1936) , for instance, believes the diplochromosomes (as I should call them) in Antirrhinum to originate by pairing at the centromere. She regards it as an " autoregulative " process by which a previous doubling of the chromosomes is neutralized. This hypothesis is, teleologically, satisfying but it is difficult to understand mechanically. It cannot explain without further assumptions why the haploid number of diplochromosomes is never formed. Further, since the centromeres of the diplochromosomes break up at anaphase, no reduction can occur.
(2) Hypotheses which postulate a repeated chromatid division without a nuclear division (e.g. Levan 1939) . This is essentially the origin of the diplochromosomes in Fritillaria Meleagris. Here it has been experimentally proved, because the time of treatment, i.e. at prophase and also the succession of stages in the pollen mother cells and pollen grains are accurately known. Further, the cha racteristic chiasma structure is retained from the time of treatm ent to the time of observation. In the other instances we do not have such definite information but it seems probable that the various agents-heat, X-rays, physiological conditions in old cells, etc.-which induce the formation of diplochromosomes, bring about the return of a cell in early prophase to the resting stage. The centromere apparently cannot divide unless the nuclear membrane breaks down (Darlington 1937) , so that at the next prophase a nucleus with the tetraploid number of chromatids but only the diploid number of centromeres is produced.
D iplo c h r o m o so m es a n d t h e t h e o r y o f ch rom o so m e p a ir in g
A diplochromosome consists of four chromatids passing through one centromere. As we have seen above ( § 5) they all apparently attract one another, so that the commonest arrangement of the four is in the shape of a square when viewed from the end. Very little, if anything, remains of the paired arrangement which might be expected as a result of two succesive chromatid divisions. " Sisters" do not attract one another more than " cousins" . In Culex the position is similar. There may be bundles of up to eight or sixteen parallel chromatids showing no arrangement in pairs. These chromatids are formed by repeated division of the chromosomes without mitosis, i.e. during a prolonged resting stage (Berger 19386) . Gentcheff and Gustafsson (19396) have also proved by means of X-ray experiments that the diplochromosomes of arise in the same way. Such associations are thus associations of the products of division and may be described as progeny pairing.
From his observations Berger concludes that " the prophase pairing of these multiple groups furnishes additional evidence of the incorrectness of Darlington's hypothesis that the attraction between chromosomes is satisfied by union of tw o". It is difficult to see how such a sweeping state ment is justified. Darlington's theory (1929) was based on observations on the pachytene stage of meiosis and was applied to forces acting at this stage. Pairing a t pachytene whether in diploids or polyploids is limited to pairs at any one point along the chromosome. W hat is important is to find out when and why these rules may break down in other nuclear systems such as are provided by diplochromosomes.
Pachytene pairing differs from progeny pairing in three important respects:
(1) At pachytene, association is limited to pairs; progeny pairing is limited only by the extent of the progeny.
(2) Pachytene pairing is an active phenomenon; it brings together chromosomes previously unpaired. Progeny pairing simply maintains the status quo. Unpaired diplochromosomes remain unpaired.
(3) The pachytene chromosomes are unspiralized or nearly so (Darling ton and Upcott 1939); the chromatids in diplochromosomes are separately coiled into minor spirals when pairing is at a maximum at metaphase.
A strict association in pairs as a t pachytene means th at pairing occurs only along one face of the chromosome; the genes are laterally as well as longitudinally specific. At mitosis the chromatids are independently coiled. I t is thus impossible for the chromatids to remain paired along one face. Spiralization also has another im portant effect. I t will convert the dorsiventral symmetry of the chromosome thread into a radial symmetry. Any remaining attraction will presumably be equal in magnitude all round the chromosome. That this must be so is proved by the gradual disappearance of relational chromatid coiling a t mitosis during prophase (Upcott 1937) . There is no definite attraction or pairing face but a generalized attraction round the coiled chromatid. It is, therefore, to be expected th at such an attraction will not be satisfied by union in twos but, as in the diplochromo somes, may accommodate more.
Independent coiling of the chromatids in diplochromosomes is thus partly responsible for the maintenance of associations of more than two chromatids. A meiotic bivalent also consists of four chromatids, which, however, maintain a strict association in pairs after pachytene. Here the coiling relationships are more complex. The pairs of sister chromatids probably spiralize together. There may be great variation in apparent coiling relationships even in the same preparation (Darlington 1935) . The techniques for the demonstration of spiral structure are effective only when they separate the coils, which can then very easily slip out of one another so th at the chromatids appear separately coiled. Independent coiling of the sister chromatids at meiosis is thus probably an artefact. It appears, therefore, th at the assumption of a joint major coil by the pairs of sister chromatids is a condition for the retention of the arrangement in pairs of chromatids during the first meiotic division.
The diplobivalents show that the association of chromosomes of more than two may arise not from the action of attraction but merely from the absence of repulsion, which absence depends on the type of spiralization.
9. T h e s t r u c t u r e o f t h e c e n t r o m e r e The diplochromosome centromere is unstable. Its instability leads to the loss of the diplochromosome structure immediately it is subjected to the action of the spindle forces, a fact which is of some significance in connexion with theories of chromatid structure. The diplochromosome is, in fact, a model of the structure which has been postulated by certain investigators (e.g. Nebel 1934 ) for the metaphase monochromosome. Its fate shows experimentally what happens to such a quadripartite metaphase chromosome.
As we have seen above ( § 6) the instability of the diplochromosome centromere is controlled in th at the directions of the successive divisions are laid down while it still behaves as a unit on the spindle. Its lines of division follow those laid down by the successive chromatid divisions. We can explain this only if we assume th at the chromatids are continued through it in some form. Its behaviour as a unit during orientation must therefore be dictated by some other structural feature. The centromere has a dual structure. Darlington (1939) from observations of misdivision of the centromere at meiosis has concluded th at the centromere consists of a fluid surrounding fibres which may be said to continue the chromatid structure through the centromere. The fibres normally control its direction of division. Thus in a diplochromosome, the centromere orientates as a unit because of the continuous fluid surrounding the fibres. The directed division of the centromere proves that the fibrous elements are already divided once by the beginning of metaphase. The second fibre division takes place later, presumably just before the second fluid division as in a normal mitosis. Double fibres are not stable in the anaphase centromere.
The behaviour of the centromere in a diplochromosome is thus in direct contrast to that in a meiotic bivalent where the centromere does not break up during anaphase. We must assume th at there is only a single fibre in each centromere of a bivalent. In other words, the onset of the meiotic anaphase is precocious with respect to centromere division just as the onset of the meiotic prophase is precocious with respect to chromatid division. Further, the precocity of meiosis is responsible for the capacity for co-orientation of the two centromeres in a bivalent since, as we have seen above, the centromeres with double fibres in the diplobivalents cannot co-orientate. Summary 1. Heating after pachytene has no effect on the frequency or proximal localization of chiasmata in the pollen mother cells of Fritillaria Meleagris.
2. Continued high temperatures during the meiotic divisions have two effects:
(а) The separation of the chromosomes is followed by the development of a restitution nucleus giving diploid or tetraploid pollen grains with normal chromosomes.
(б) The meiotic nuclear divisions are completely suppressed, so that a diplotene nucleus lapses directly into a pollen-grain resting nucleus. The pollen-grain chromatid division takes place to give, at the metaphase of the pollen-grain mitosis, diplochromosome bivalents consisting of eight chromatids.
3. The diplobivalents retain the chiasma structure of the meiotic bivalents except th at two chromatids replace one.
4. Each chromatid in a diplobivalent has a simple mitotic coil and is coiled independently of the others. There is no well-defined attraction in pairs, each arm consisting of two parallel chromatids at full metaphase. Thus joint-coiling of the major spirals is a condition of the retention of the arrangement of chromatids in pairs at first metaphase of meiosis.
5. Each half-diplobivalent has a single centromere with the four chromatids passing through it. The centromeres orientate separately. Thus the co-orientation of centromeres at meiosis depends on the internal structure of the centromere, not on chiasma formation.
6. At anaphase two successive divisions take place in the centromere. The first separates the products of the pachytene division; the second the products of the pollen-grain resting stage division. The mitosis will thus give two tetraploid daughter nuclei with normal chromosomes. They will differ by the segregation of the products of crossing-over at the suppressed meiosis.
D e s c r ip t io n o f P l a t e 13 F ig u r e 5. F irst m etaphase of meiosis in norm al Fritillaria
The cell has been flattened and th e chromosomes spread o u t in sm earing, x 500. F ig u r e 6. F irst anaphase from p la n t heated 2 days a t 30° C. The chrom atids are sticking together, x 500.
F ig u r e 7. N orm al te tra d pollen from control p lan t, x 125. F ig u r e 8. Binucleate m onad pollen grains from p la n t heated 2 days a t 30° C. The second meiotic division was com pletely suppressed, x 125. F ig u r e 9. Pollen grains from pollen m other cells in which bo th meiotic divisions were suppressed, x 125. 
